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(57) Abstract 

Ibe present invention provides a method of fdnntng a medical device and medical devices wind) can be fanned in acccxdaDce widi 
ttiemetbod. In one cmbodtment, dte method includes Ae steps g£ a) providing a metal fabric fbnned of a plurality of socands 
a metal which can be heat treated to substantially set a deshed sl^e; b) defonniag metal fiabric to generally c(»ifionn to a sucfoce of 
a molding dement; c) heat txeating die metal fabric in contact with the surface of tiie molding element to sid>stantiany set die shape of 
eie bbric in its defomied state; and d) removing the metal fateic fam contact widi dc molding element. The resulting metal fobric will 
define a medical device which can be collapsed for passage through a cadtetei or the like for de{doymem m a channel of a patient's body. 
Medical devices made in accordance with this method can have varying scmctuics. In one cmbodinMsm, die medical device (250) is carried 
by a guidewue (260) and has a metal fabric (270) extending between first and second ends (272. 274), one end (274> of the device (250) 
bemg adapted to slide along the guidewire (260). the metal fofaric (270) has a collapsed configuration in which iSor ends (272, 274) of die 
metal febiic (270) are spaced &om (me another along the guidewixe (260) and a preset expanded configuration in ^K^iicfa die ends (272, 274) 
of the metal febric (270) are positioned closer to one anodier. Ibe metal feibric (270) will cause the device (250) to dastically su bsta n tial ly 
resume its preset expanded configuradon when released from confinement widiin a channel in a patient*s body. 
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METHOD OF F ORMING MED ICAL DEVICES; 
INTRAVASCULAR OCCLUSION DEVICES 

HELD OF THE INVENTION 

The present invendon generally idates to intravascular devices for tieating 
oeitain medical conditions and, moie paxticulaily, ptovides a metlKKl of fonning 
intravascular devices and cotain novd intravascular occlusion devices. The devices 
made in accordance with the invration are paiticulaily well suited for ddiv^ through 
a catheter or the like to a remote location in a patient's vascular system or in 
analogous vessels within a patient's body. 

BACKGROUND OF THE INVENTION 

A wide variety of intravascular devices are used in various medical procedures. 
Cextain intravascular devices, sudi as catheters and guidewirss, ar& generally used 
simply to deliver fluids or other medical devices to specific locations within a patient's 
body, such as a selective site within the vascular system. Odier, frequraitly more 
complex, devices are used in treating specific conditions, such as devices used in 
removing vascular occlusions or for treatn^g sqital defects and the like. 

In certain circumstances, it may be necessary to occlude a patient's vessel, such 
as to stop blood flow through an aitery to a tumor or other lesion. Presently, this is 
commonly acocmiplished simply by insertuig, e.g. Ivalon paiticles, a trade name for 
vascular occlusion paiticles, and shoit sections of coil spxings into a vessel at a deared 
location. Tliese "embolization ag^* will eventually become lodged in the vessel, 
frequently floating downstream of the site at which they are released before blocking 
the vessel. In part due to the inability to precisely position die embolization agents, 
this pjocedure is often limited in its utility. 

Detachable balloon catheters are also used to block patients' vessels. When 
using such a catheter, an e3q>andable balloon is carried on a distal md of a catheter. 
Wbesn the cath^er is guided to the desned locadon, the balloon is filled widi a fluid 
until it substantially fills the vessel and becomes lodged therein. Resins which will 
harden inside the balloon, such as an acryionitrile, can be employed to pennanently fix 
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the size and shape of the balloon. The balloon can then be deached fiom the end of 

the catheter and left in place. 

Such balloon embolizations aie also prone to certain safety pn,blems, though. 
For examfJe. if the baUoon fa not fined enough, k win not be firmly ^ 
vessel and may drift downstream within the vessel to another location, much hke the 
loose embolization agents noted above, m order to avoid this problem, physicians may 
the banoons; it is not uncommon for banoons to rupture and release 

into the patient's bloodstream. 

In stiU other procedures, ft may not be necessary to permanemly ocdude a 

vessel but ft may be necessary to provide a filter or the Bke to prevent throrribifhm 
passing a particular location. For example, rotating burrs are used in removmg 
aaeroma from the hmien of patients' Wood vessels. These burrs am effectively 
dislodge the athemma. but the dislodged material win simply float ^ 
the flow of blood through the vessd unless stq,s are taken to capmre the ma^^ 

Some researchers have proposed various traps or fibers for capturing the 
particulate matter released or created in such procedures. However, such filters 
generaUy have not proven to be exceptionaUy effective in actual use. Such filters tend 
to be cumbersome to use and accurate dq»loyment is problematic because if ihey 
BOt piopdly seated in the vessel they can drift to a more distal sfte where they are 
likdy to do more harm than good, fa addftion, these fifters arc generaUy capable of 
only tr^^inng relatively large thrombi and are not effective means for removmg smaUer 

embofic particles from the blood stream. 

Tbe prc*lems wfth temporary filters, which are intended to be used only during 

a particubr procedme then retracted wfth the thrombi trapped therein. ^ 

p„»o„nced. Even if the trap does effectivdy capture the dislodged material, ft has 

pn^ren to be relatively difficah or conq)lex to retraa the trap bac* into 

through which ft was delivered wfthout simply dumpnig the trapped thrombi back ftito 
the blood stream, defeating the purpose of the temporary fifter device. Forthis 
reason, most atherectomy devices and the nke tend to aspinue the patient's b^ 

30 durftig the procedure to remove the dislodged material entrained therein. 

Mechanical embolization devices, filters and traps have been proposed u» the 
past. Even if some of those devices have proven effective, they tend to be rather 
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expensive and time-consuming to manufiumiie. For example, some intravascular blood 
filters suggested by others are formed of a plurality of specially-shaped legs which are 
adqTted to fill the vessel and dig into the vessel walls. In making most such filters, 
the legs must be individually formed and then painstakingly attached to one another, 
S frequently entirely by hand, to assemble the final fitter. Not only does this take 
significant skilled manpower, and hence increase the costs of sudi devices, the fact 
that each item must be made by hand tm6& to make quality control more difiicuh. 
This same difficulty and easpcasc of manufacturing is not limited to such filters, but is 
e^q^erienced in many other intravascular devices as well. 

10 Accordingly, it would be desirable to provide a m^od for forming devices for 

deployment in a vessel in a patient's vessel which is both economical and yields 
consistCTt, reproducible results. It would also be advantageous to provide a reliable 
embolization device which is both easy to dq>loy and can be accurately placed in a 
vessel. Fuithennoie, there is a need in the ait for a trap or filter whidi can be 

IS dqdoyed within a vessel for capturing thrombi, which trap can be reliably deployed; if 
the xxap is to be used only tempoiaxily, it should be readily withdrawn from the patient 
witiiout sintply dumping the trapped thrombi back into the blood stream. 

SUMMARY OP THE INVENTrON 
Hie present invration provides a method for forming intravascular devices from 

20 a resilient m^ fabric and medical devices which can be fonned in accordance with 
this method. In the m^od of the invention, a m^ fiabric formed of a plurality of 
resilient stiands is provided, with the wires bemg fonned of a resilient material which 
can be heat treated to substantially set a desired shape. Tins fabric is then deformed to 
generally c o nf orm to a molding surface of a molding elemran and tiie fiabric is heat 

25 treated in contact with die sur&ce of the molding elCTient at an elevated temperature. 
The time and temperature of the heat tieatm^ is selected to substantially set the fiabric 
in its deformed state. After the heat treatment, the fabric is removed from contact 
with the molding element and will substantially roain its sh^ in the defonned state. 
The fabric so treated defines an e?q>anded state of a inedical device which can be 

30 dq>loyed through a catheter into a channel in a patient's body. 

In accordance with the method of the invention, a distal end of a catheter can 
be positioned in a channel in a patient's body to position the distal end of the catheter 
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adjacuat a tieatment site for treating a physiological condition. A medical device made 
in acconJance with the process outlined above can be collapsed and inserted into the 
lumen of the catheter. Tte device is urged through the catheter and out the distal end, 
whereupon it wiU tend to lediin to its expamled state adjacert the trea^ 

Further embodiments of the present mvention also provide specific medical 
devices which may be made maccorfance with the present invention. Such devices of 
the invention are formed of a metal fabric and have an e:q)and«^ 
coD^ configuration. The devices are collapsed for deployment through a catheter 
and. upon entiiig the distal end of the catheter in a patient' s chamiel, will resiUently 
subaantiaUyremm to their ejqmded configuration, in accordance with a first of these 
embodhnents. a geneiany dongale medical device has a genexany tubular middle 

portion and a pair of expanded diameter portions, with one expanded diameter portion 
positioned ai either emi of the middle portion. In another embodhnent, the medical 
device is geneiaUy bdtshaped, having an elongate body having a tapered fir^ 
a larger second end, the second end presentmg a febric disc which win be oriented 
geneiany peipendicuhir to an axis of a channel when dq>loyed therein. 

yPTCP nBSCPyTrnnN OF T HP. nRAWINGS 
Figures 1 A and IB each dejrirt a metal fabric suitable for use with the 
invention; 

Figures 2A and 2B are a side view and a perspective view, respectively, of a 
molding elemert and a length of a metal febric suitable for use m forming a medical 

device in accordance with the mvention, the mold behig in a disassembled state; 

Hgure 3A is a perspective view showmg the mdding dement and metal fabric 

of Figure 2 in a partially assanbled state; 

Figure 3B is a close-up view of the highlighted area of Figure 3A showing the 
compression of the metal fabric m the molding element; 

Figure 4 is a cross-sectional view showing the molding element and metal 

febric of Figure 2 in an assonbled state; 

Figures 5A and 5B are a side view and an end view, respectively, of a medical 

device in accordance with the invention; 
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Figures 6A-6C are a side view« an end view and a perspective view, 
ieq>ectively, of a medical device in accordance with another ^nbodiment of the 
invention; 

Figure 7 is a side, cross sectional view of a molding dement suitable for 
5 foimii^ the medical device shown in Figures 6A-6C; 

Figure 8 is a scJtematic iliustiation ^wing the device of Figures 6A-6C 
dqdoyed in a channd of a patient's vascular system to oodude a Patent Ductus 
Arteriosus; 

Figures 9A and 9B are a side view and an end view, leqiectively, of a medical 
10 device in accordance with y^ another embodiment of the invention; 

Figure lOA is a side view of one molding elemrat suitable for forming the 
invention of Rgures 9A and 9B; 

Figure IQB is a cross-sectional view of another molding elemeot suitable for 
forming the invention of Kgures 9A and 9B; 
15 Figure IOC is a cross-sectional view of still anoth^ molding element suitable 

for formiiig the invoition of Figures 9A and 9B; 

Figure llA is a schematic ade view of yet another medical device made in 
accordance with the invention showing the device in a coVapsed state for deployment 
in a i»tient'5 vascular system; 
20 Figure IIB is a schonatic side view of the medical device of Figure HA in an 

expanded state for dq)loyment in a patio's vascular system; 

Figure 12A is a sdiematic ^de view of an alternative embodiment of the 
invention of Figure llA showing the device in a coUqised state within a catheter for 
dqxtoymeot; 

25 Figure 12B is a sch^natic ^de view of the device of Figure 12A showiiig tte 

device dq>loyed distally of the catheter; 

Hgme 13 is a schematic perq)ective view showing a medical device in 

accordance with yet a further embodiment of the invention collapsed within a catiieter 

for deployment in a cbaimel in a patient's body; 
30 Figure 14 is a schematic side view of the device of Figure 13 in a partially 

deployed state; and 
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Rguie 15 is a schematic side view of the device of Figure 13 in a fuUy 
deployed state. 

pfTT ^n DESC!RIPnQN QP THE PREF ERRED EMBODIMENTS 
Hie present invention provides a reproducible , relativdy inexpensive m^od of 
foiming devices for use in diannds in patiwits* bodies, such as vascular diannds. 
urinary tracts, biliary ducts and the like, as well as devices which may be made via 
that method. In forming a medical device via the method of the invention, a metal 
fabric 10 is provided. The febric is formed of a plurality of wire strands having a 
predetenmned rdaUve oriCTtation between the strands. Figures lA and IB ilhistrate 
two cxanq)les of metal fehrics which arc suitoble for use in the method of the 
invention. 

In the fihric of Figure lA, the metal strands define two sets of essentially 
parallel generaUy heHcal strands, with the strands of one set having a "hand", i.e. a 
directionof rotation, opposite that of the other set. This defines a generally tubular 
fihric, known m the fabric industry as a tubular braid. Such tubular braids are wdl 
known in the febric arts and find some sqjplications in fte medical device field as 
tobular febrics, such as in remforcing the wall of a guidmg catheter. As such braids 
are wdl kiiiywn, th6y need not be discussed at Iwigth here. 

The iHtch of tiie wire strands (i.e, the angle defined b^ween the turns of the 
wire and the axis of the braid) and the pick of the fabric (i.e. the number of turns per 
unit length) may be adjusted as desired for a partiailar application. For example, if 
the medical device to be formed is to be used to occlude the charmd in whidi it is 
placed, the pitdi and pick of the febric wiU tMd to be higher than if the deNdce is 
amply intended to filter bodfly fluid passing therethrough. 

For example, in usmg a tubular braid such as that shown in Figure lA to form 
a device such as that illustrated in Figures 5A and 5B, a tubular braid of about 4 mm 
in diameter with a pitch of about 50** and apidc of about 74 (per linear inch) would 
seem suitable for a devices used in occluding channels on the order of about 2 mm to 
about 4 mm in inner diameter, as detailed below in connection with the anbodiment of 
Figures 5A and 5B, 
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Figuie IB illustrates another type of fabric which is suitable for use in the 
method of the invention. This fabric is a more conventional fabric and may take the 
fonn of a flat woven sheet, knhted sheet or the like. In the wov» fabric shown in 
Figure IB, there are also two sets 14 and 14* of goiexaliy parallel sttands, with one set 
5 of stxands being onoited at an angle, e.g. generally peipendicular (having a pick of 
about 90*"), with respect to the other set. As noted above, the pitch and pick of this 
fabric (or, in the case of a knit fabric, the pid: and the pattern of the kit^ e.g. Jersey 
or double knits) may be selected to qptnnize the desired properties of the final medical 
device. 

10 The wire strands of the metal fabric used in ttie pres^ method should be 

formed of a matmal which is both resilient and can be beat treated to substantially set 
a desired sh^. Materials wUdi are believed to be suitable for this purpose include a 
cobalt-based low thermal ^q>anston alloy referred to in the field as Eigiloy, nidcel- 
based high*tenq)erature hig^strength "siq^eralloys" commercially available from 

IS Haynes International under the trade name HasteUoy, nickel-based heat treatable alloys 
sold under the name Incoloy by Intemational Nickd, and a number of different grades 
of stainless steel. The inqxntant foctor in choosing a suitable material for tte wires is 
that the wires retain a suitable amount of the deformation induced by the molding 
surface (as described below) when subjected to a predetermined heat treatment 

20 One class of materials which meet these qualifications are so-called shq>e 

memory alloys. Such alloys tend to have a temperature induced phase change which 
will cause the material to have a preferred configuration which can be fixed by heating 
the material above a cotain transition tetrrperature to. induce a change in the phase of 
the material. When the alloy is cooled back down, the alloy will "remember** the 

25 sbap& it was in during the heat treatment and will tend to assume that configuration 
unless constrained from so doing. 

One particularly prdfened sh^e memory alloy for use in the preset method is 
nitinol, an ap pr oxim ately stoichiometric alloy of nickel and titanium, which may also 
include other minor amounts of other metals to achieve desired properties. Nill alloys 

30 such as nitinol, including ^ropriate compositions and handling requirements, are well 
known in the art and such alloys need not be discussed in detail here. For example, 
U.S. Patents 5,067,489 (lind) and 4,991,602 (Amplatz et al.), the teachings of which 
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a« incorporated herein by lefeience, discuss the use of shape memory NfTi aUoys in 
guidewiies. Such NiTi aUoys are preferred, at least in part, because they are 
commercially available and more is known about hamfling such alloys than other 
known shape memory alloys. NTTi alloys are also very elastic - they are said to be 
5 -superelasdc- or -pseudoelastic-. Tbis elasticity will help a device of the invention 
renim to a present expanded configuration for deployment. 

m wire stnmds can comprise a standard monofilament of the selected 
„«terial.i.e. a standard wire stock may be used. If so desired, though, the individual 
wire strands may be formed from "cables- made up of a plurality of mdividual wires . 
10 For example, cables formed of m«al wires where several wires are heUcally wnqjped 
about a central wire are commercially available and NTTi cables having an outer 
diameter of 0.003 inches orless can be purchased. One advamage of certain cables is 
that they tend to be -softer" than monofilament wires having die same diame^ 
formed of the same material. AdditionaUy, if the device b«ng formed from the wire 
15 stnmds is to be used to occtade a vessel, the use of a cable can increase the eff«^^ 
smfece area of the wire strand, which wiU tend to promote thrombosis. 

In preparation of forming a medical device in keq»ing with the invention, an 
approprialdy sized piece of the metal febric is cut from the larger piece of febric 
wWch is formed, for example, by braiding wirp strands to form a long mbular bmid. 
20 Ttedhnensions of the piece of Mc to be cut will dq«nd, in large part, upon th^ 

size and shape of the medical device to be fonned thereftom. 

When cutting the M»ric to the desired dimensions, care should be taken to 

ensure that the febric will not umavd. in the case of tubular braids formed of NfTi 
alloys, for example, the individual wire strands wiU tend to return to flieir heat-set 
25 configuration unless constrained. If the braid is heat treated to set the strands in the 
bnuded configunaion, they will tend to remain in the braided form and only the ^ 

win become frayed. However, it may be more economical to sfanply form the braid 
without heat treating the braid since the febric win be heat treated again i^ 

medical device, as noted bdow. 
30 in such untreated NTTi fabrics, the strands wiU tend to remm to tiieir unbraided 

configuration and the braid can miravel fairly quickly unless the ends of the length of 
biaid cut to form the device are constrained relative to one another. One method 
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which has proven to be useful to prevent the braid from unraveling is to clamp the 
braid at two locations and cut the braid to leave a length of the braid having clamps 
(15 in Figure 2) at either end, thereby effectively defining an empty space within a 
sealed length of fabric. These clamps IS will hold the «ds of the cut braid together 
S and prevent tiie braid from unraveling. 

Alternatively, one can solder, braze, weld or otherwise affix the ends of the 
desired length together (e.g. with a biocompatible cementitious organic material) 
before cutting the braid. Ahhougfa soldering and brazing of NTTi alloys has provra to 
be fairly difficult, the ends can be welded together, such as by spot welding with a 

10 laser weld^. 

The same problems present themselves when a flat she^ of ftbric such as the 
woven fabric shown in Rgure IB is used. With such a fabric, the fabric can be 
inverted upon itself to form a recess or dqnession and the fabric can be damped about 
this recess to form an esopty pocket (ikm shown) before the fabric is cut If it is 

15 desired to keq> the fidnic in a generally flat configuration, it may be necessary to weld 
die junctions of the strands together adjacent the peiiph^ of the desired piece of 
fabric before that piece is cut from the larger sheet So connecting the ends of the 
strands together will prevent fabrics formed of untreated sh^ memory alloys and the 
like Anom unravding during the formiiig process. 

20 Once an apprqniately sized jnece of the metal fabric is obtained, the fabric is 

deformed to generally conform to a surface of a molding dement. As will be 
qipredated more fully fhnn the discussion below in connection with Figures 2-16, so 
deformirig tfie fabric will reorioit the relative positions of the strands of the metal 
fabric from their initial order to a second, reoriented configuration. Tbt sb2q>e of the 

25 molding dem^ should be selected to defonn the fabric into substantially the diq>e of 
the destred medical device. 

The molding d^ent can be a angle piece, or it can be formed of a series of 
mold pieces whidi tog^her define the surface to which the fabric will goierally 
conform. The molding dement can be positioned within a space enclosed by the fabric 

30 or can be external of such a space, or can even be both inside and outside such a 
space. 
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In order to illustrate one example of how such a mold may be configured and 
how it may be used in accordance with the method of the invention, refereaice will be 
had to Figures 2-5. In Figures 2-4, the molding element 20 is fonned of a number of 
separate pieces which can be attached to one another to comply the molding elemwit 
20. In using such a multi-piece molding dwnent, the mold can be assembled about the 
cut length of febric 10, thereby deforming ttie fabric to generally conform to ib& 
desired surfooe (or surfaces) of the molding element 

In the molding element ilhistrated in Figures 2-4, the metal fabric 10 is 
defbnned to generally conform to a surface of the molding elemrat 20, the molding 
element comprising a coiter section 30 and a pair of end plates 40. Turning first to 
the center section 30, the center section is desirably formed of opposed halves 32, 32 
which can be moved away from one another in order to introduce the metal fabric 10 
into the mold. Althougji these two halves 32, 32 are shown in the drawings as bring 
completely separated from one ancrther, it is to be understood that these halves could 
be interconnected, such as by means of a hinge or the like, if so deared. The apposed 
halves of the moldmg d^ent 20 shown in the drawmgs of Figures 2 and 3 each 
include a pair of semi-drcular recesses opposed on either side of a ridge defining a 
generally semi-dicular opening. When the two halves axe assonbled in forming the 
device, as best seen in Figure 3, the semi-eircular openings m the opposed halves 32, 
32 mate to define a generally circular forming port 36 passing through the center 
section 30. Similarly, the senii-dn»lar recesses m the two halves together form a pair 
of generally circular central recesses 34, with one such recess being disposed on either 
face of the center section. 

The overall shape and dunensions of the center section can be varied as desired; 
it is graerally the size of the central recesses 34 and the formmg port 36 which will 
define the size and shapt of the middle of the finished device, as flamed below. If 
so desired, each half 32 may be provided with a mamially graqiable projection 38. In 
the raibodiihent shown m the drawings, this projection 38 is provided at a location 
disposed away from the Cutting faces of the respective halves. Such a manually 
giaspable projection 38 will simply enable an operator to more easily join the two 
halves to define the recesses 34 and forming port 36. 
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The center section is adapted to coq>eratively engage a pair of end plates 40 for 
forming the desired device. In the emlxxliment shown in Figures 2 and 3, the center 
section 30 has a pair of flat outer hsxs 39 which are each ad^qned to be engaged by an 
inner £ace 42 of one of the two end plates 40. Each end plate includes a compression 
5 disk 44 which extends generally laterally inwardly from the inner £ace 42 of the end 
plaie. Hus compression disk 44 should be sized to pranit it to be rscdved within one 
of the coitral recesses 34 on dther face of ttie center section 30. For reasons 
explained more fully bdow, each compression disk 44 includes a cavity 46 for 
recdving an end of the length of the metal fabric 10. 

10 One or more dianneis 48 for receiving bolts and the like may also be provided 

through each of the end plates and throu^ the center section 30. By passing bolts 
through these channds 48, one can assemble the molding element 20 and r^ain the 
metal fabric in the desired sh^ during tte heat treatmCTt process, as outlined below. 
In utilizing the molding elemmt 20 shown in Figures 2-4, a length of the m^ 

15 fabric 10 can be positioned between the opposed halves 32 of the cesxtet section 30. In 
the drawings of the molding element 20 of Figures 2-4, the metal fid)ric 10 is a tubular 
braid such as that illustrated in Figure 1 A. A sufficient leqgth of the tubular braid 
should bG provided to pennit die fiabric to conform to the molding surface, as 
explained bdow. Also, as noted above, care should be taken to secure the ends of the 

20 wire strands defining the tubular braid in order to prevem the metal fiabric from 
unraveling. 

A central portion of the length of the metal braid may be positioned within one 
of the two halves of the formiiig port 36 and the opposed halves 32 of the cmter 
section may be joined to abut one another to restrain a central portion of the metal 

25 braid within the central forming port 36 through the center section. 

The tubular braid will tend to have a natural, relaxed diam^er which is 
defined, in large part, when the tubular braid is formed. Unless the tubular braid is 
othowise deftnmed, when the wire sttasxis are in their relaxed state tiiey will tend to 
define a generally hollow tube having the predetermined diameter. The outer diameter 

30 of the relaxed braid may be, for example, about 4 mm. Tlie relative size of the 
forming port 36 in the central section 30 of the molding dement and the natural. 
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iBlaxed outer diameter of the tubular braid may be varied as desired to achieve the 
desiied shape of the medical device being formed. 

In the embodimem shown in Figures 2 and 3, the inner diameter of the forming 
port 36 is optimally slightly less than the natural, relaxed outer diameter of the mbular 
braid 10. Hmce, wh«i the two halves 32, 32 are assembled to form the ccarter section 
30, the tobular braid 10 will be slightly con5)rBSsed within flie ftirmiiig port 36. This 
will hel^ ensute that the tubular braid conforms to the inner sur&ce of the forming 
port 36, which d^es a portion of the molding surface of the n&olding dem^ 20. 

If so desiiBd, a generally cylindrical internal molding section (not shown) may 
also be provided. This internal moldnig section has a slightly smaller diameter than 
the inner diameter of the forming port 36. In use, the internal molding section is 
placed within the Iragth of the metal fabric, such as by manually moving the wire 
strands of the fabric apart to form an qpenmg through which the internal molding 
section can be passed. This internal molding section should be positioned within the 
tubular braid at a location where it will be disposed within the formirig port 36 of fte 
center section when the moldmg element is assembled. There should be a sufGcient 
spact between the outer surface of the interior molding section and the inner surface of 
the forming port 36 to permit the wire strands of the fabric 10 to be recdved 
therebetween. 

By using such an internal moldirig section, the dunensions of the central portion 
of the finished medical device can be fairiy accurately controlled. Such an internal 
molding section may be necessary in circumstances where the natmal, relaxed outCT 
diameter of the tubular braid 10 is less than the inner diamrter of the forming port 36 
to ensure that the braid conforms to the iimer surface of that forming port. However, 
it is not believed that such an internal molding section would be necessary if the 
natural, relaxed outer diameter of ttie braid were larger than the inner diameter of the 
forming port 36. 

As noted above, the ends of the tubular braid should be secured in order to 
prevent the braid from unraveling. Each end of the metal fabric 10 is desirably 
received within a cavity 46 formed in one of the two end plates 40. If a clamp (15 in 
Figure 2) is used, the clamp may be sized to be relatively snugly received within one 
of these cavities 46 in order to effectively attach the end of the fabric to the end plate 
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40. The end plates can then be urged toward the center section SO and toward one 
another until the compression disk 44 of each end plate is received within a c^itral 
recess 34 of the center section 30. The molding element may then be clamped in 
position by passing bolts or the like through the channels 48 in the molding elemcat 
5 and locking the various coiqponents of the molding elemoit together by tightening a 
mit down onto such a bolt (not shown). 

As best seen in Kgure 3A, when an end plate is urged toward the center section 
30, this win conqness tte tubular braid 10 genmlly along its axis. When the tubular 
braid is in its relaxed configuration, as illustrated in Rgure lA, the wire strands 

10 forming the mbular braid will have a first, predetermined relative orientation widi 
respect to one maib&T. As the tubular braid is compressed along its axis, the fabric 
will tmd to flare out away horn the axis, as illustrated in Figure 4. When the fabric is 
so defomied, the relative oriratation of the wire strands of Ae metal fabric will 
chaiige. When the molding etenent is finally assCTibled, the metal fabric will 

IS generally conform to the molding surface of this dement. 

In the molding element 20 shown in Figures 2*4, the molding surface is defined 
by the inner surface of the forming port, the inner surfaces of the central recess 34 and 
the faces of the conipression disks 44 which are recdved within the recesses 34. If an 
int^nal molding section is used, the cylindrical outer sur&ce of that section may also 

20 be consid»:ed a part of the molding surface of the molding dement 20. Accordingly, 
when the moldnig elemrat 20 is ooffq)letdy assembled the metal fabric wiU tend to 
assume a somewhat "dumbbdl'-shaped configuration, with a relatively narrow cent^ 
section diqiosed betwem a pair of bulbous, p^lis^s even disk-shq)ed end sections, as 
best scesn in Figure 4. 

25 Jt should be understood that the specific sh^ of the particular moldmg demon 

20 shown in Figures 2-4 is intended to produce one useful medical device in 
accordance with the present method, but that other molding elements having differ^ 
configurations could also be used. If a more complex sh^>e is desired, the molding 
element may have more parts, but if a sinq)Ier sh^ is bdng formed the molding 

30 don^ may have even fewer imts. The number of parts in a given molding elemrat 
and the 5hq)es of those parts will be dictated ahnost entirely by the shape of the 
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desired medical device as the molding elanent must define a molding surfiace to which 
the metal fabric will generally confbnn. 

AccOTdingly, the spedRc molding element 20 shown in Figures 2-4 is simply 
hoended as one specific example of a suitable molding dement for forming one 
particular useful medical device. Additional molding elements having different designs 
for producing different medical devices are explained bdow in connection with, eg., 
Figures 8 and 10. Dependmg on the desired shape of the medical device being 
formed, the shape and configuration of other specific molding elements can be readUy 
designed by those of ordinary skill in die art. 

Once the molding dement 20 is assembled with the metal fabric generally 
conforming to a moldmg surfiace of that dement, the febric can be subjected to a heat 
treatment while it remains in contact with that moldiiig surface. Ttes heat treatment 
will depend in large part upon flie material of whidi the wire strands of the metal 
fabric are formed, but flie time and taaiperature of the heat treatment should be 
selected to substantially set ttie fiibric in its deformed state, i.e., wherran the wire 
strands are in their reoriented relative configuration and the fabric generaDy confix 

to die molding surface. 

The tune and tenqwratoire of die heat treatment can vary gieady depaidfaig 
iqxm die material used in formmg die wire strands. As noted above, one preferred 
class of materials for forming die wire stands are shape memory alloys, widi mtinol, a 
nidKltitamumaUcqr, bang particulariy preferred. If nitinol is used in making the 
wire strands of die fabric, die wire strands wfll tend to be very dasdc whjai die metal 
is in its austraitic phase; diis very dasdc phase is frequoidy rderred to as a 
"siqieidastic" or "pseudodastic" phase. By heating die nitinol above a certain lAase 
transition temperature, die crystal structure of die nitinol metal when in its anstenitic 
phase can be set. This wiU tend to "set" die sh^ of die fabric and die relative 
configuration of die wire strands in die positions m which dwy are hdd during die heat 
treatment. 

Suitable heat treatments of nitinol wire to set a desired sh^ are well known in 
the art. Spirally wound nitinol coils, for example, are used in a number of medical 
plications, such as m forming die coils commonly carried around distal lengdis of 
guidewires. A wide body of knowledge exists for formmg nitinol in such medical 
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devices, so tbsie is no need to go into great detail here on the paxameters of a heat 
treatment for the nitinol fabric piefiened for use in the present invention. 

Briefly, though, it has been found that holding a nitinoi fabric at about SOO^C 
to about 550^C for a p^od of about 1 to about 30 minutes, dq>ending on tte softness 
S or harness of the device to be made, wiD tend to s^ the fabric in its deformed state, 
i.e. wherein it confonns to the molding surface of the molding eiraient. At lower 
temperatures the heat treatmrat time will t^ to be greater (e.g. about one hour at 
about 350^C) and at hi^ier t empera t u res tiie time wiU tend to be shorter (e.g. about 30 
seconds at about 900^C). These paramet^ can be varied as necessary to 

10 accommodate variations in the exact composition of the nitinol, prior heat treatmrat of 
the nitinol, the desired prpp^ties of the nitinol in the fmished article, and other factors 
which win be well known to those skilled in this field. 

Instead of relyu^g on convection heating or the like, it is also known in the art 
to ai^ly an electrical current to the nitinol to heat it. In the present invention, this can 

15 be accooq>lished by, for exanq)le, hooking electrodes to the clairips 15 carried at either 
end of the metal faibnc illustrated in Figure 2. The wire can then be heated by 
resistance heating of the wires in ord^ to aciiieve the desired heat treatment, which 
will tend to eliminate the need to heat the CTtire molding element to the desired heat 
treating tesnpeiature in order to heat the metal fabric to the desired temperature. 

20 After the hieat treatment, the fabnc is removed from contact with the moldmg 

elemran and will substantially retain its shape in a deformed state. When the molding 
element 20 illustrated in Figures 2-4 is used, the bolts (ncR showiO may be removed 
and the various parts of the moldiiig element may be disassembled in essratially the 
reverse of the process of assembling the molding element. If an internal mn iHtng 

25 section is used, this moldir^ section can be removed in mudi the same fashion that it 
is placed within the generally tubular metal fabric in assembling the molding d^em 
20, as detailed above. Figures 5A and SB illustrate one embodiment of a medical 
device 60 whidi may be made usmg the molding element 20 of Figures 2-4. As 
discussed below, the device of Figure 5 is particulariy well suited for use in occluding 

30 a chaimel within a patient's body and these designs have particular advantages in use 
as vascular occlusion devices. 
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The vascular occlusion device 60 of Figure 5A includes a geneially tubular 
middle portion 62 and a pair of expanded diameter portions 64. One ejqianded 
diameter portion is disposed at either end of the generaDy tubular middle portion 62. 
In the embodiment shown in Figures 5A and 5B, the expanded diameter portions 64 
include a lidge 66 positioned about midway along flieir lengths. 

The rdative azes of the tubular middle section and the aqnnded diameter 

portions can be varied as desired. InAis particular embodhnent, the medical device is 
intended to be used as a vascular ocdusion device to substantially stop the flow of 
blood tinough a patirait's blood vessel. When the device 60 is deployed widiin a 
patient's blood vessel, as detailed bdow, it will be positioned within the vessel such 
that its axis generaUy coincides with the axis of the vessel. The dumbbeU-shape of the 
present device is intended to limit tiie aWlity of tfie vascular occhisiOT device 60 to 
turn ai an angle with respect to the axis of the blood vessel to ensure that it remains in 
substantially the same poation in which the operator dq>loys it withm the vessel. 

Althoo^ the illustrated embodiments of this invention only have two expanded 
dtomoer portirais, it should be understood tiiat the device could have more than two 
such ejqianded diameter portions. For example, if the device has three esqianded 
diameter portions, each expanded diameter portion is separated from at least one other 
exploded diameter portion' by a tubular portion having a smaller diameter. If so 
deared, the diamrters of each of Ae ej^MUded diameter portions can be the same, but 

they need not be lbs same. 

In Older to relatively strongly oigage the lumen of the blood vessel, the 
maximum diameter of the esqnnfed diam^poitions 64 (which occurs along the 
middle ridfee 66 in this embodimrait) should be selected so that it is at least as great as 
the diameter of the tamen of the vessel in which it is to be deployed, and is optimally 
slighfly gieater than that diamtter. When it is deployed witWn the patient's vessel, die 
vascular occlusion device 60 will enga^ the lumen at two spaced-apatt locations. The 
device 60 is desirably longer along its axis than the dfanenaon of its greatest diameter . 
This will substantiany prevent the vascular occlusion device 60 from tunung wiflnn the 
lumen at an angle to its axis, essentially prevaating the device^firom becoming 
dislodged and nmiblmg along the vessel with blood flowmg through the vessel. 
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Tbe relative sizes of the generally tubular middle portion 62 and expanded 
diameter portion 64 of the vascular occlusion device 60 can be varied as desired for 
any paiticular q)plication. For exanq>le, the outer diameter of tiie middle portion 62 
may range between about one quarter and about one third of the maximum diameter of 
S the expanded diameter portions 64 and the length of the middle poition 62 may 

comprise about 20% to about 50% of the overall length of the device. Although these 
dimensions are suitable if the device 60 is to be used solely for occluding a vascular 
vessel, it is to be understood that these dimradons may be varied if the device is to be 
used in other sqq[}lications, such as where the device is intended to be used simply as a 

10 vascular fih^ rather than to substantially occlude the entire vessel or where the device 
is dq>loyed in a differ^ channd in a patio's body. 

The aspect ratio Q.e., the ratio of the length of the device over its tnaYimiim 
diameter or widdi) of the device 60 illustrated in Figures 5 A and SB is desirably at 
least about LO, with a range of about 1.0 to about 3.0 being preferred and an aspect 

IS ratio of about 2.0 being particularly preferred. Having a greater aspect ration will 
tend to prevent the device from rotating generally perpendicularly to its axis, which 
may be referred to as an end over md roll. So long as the wter diameter of the 
esqxmded diantftfr portions 64 of the device is large enou^ to seat the device fairly 
securely against the bunea of the chaimd in which the device is dq>loyed, the inability 

20 of the device to turn end over end will hel^ iasep die device dq)loyed precisely where 
it is positioned within the patioit's vascular system or in any other chaimel in the 
patient's body. Alternatively, havirig ejqianded diameter portions which faavenatural, 
rdaxed diameters substantially larg^ thaii the lumen of the vessels in which the device 
is dq>loyed should also suffice to wedge the device into place in the vessel without 

25 undue concern being placed on the aspect ratio of tfie device. 

The pick and pitch of the metal fiabric 10 used in forming the device 60, as well 
as some o&er factors such as the number of wires employed in a tubular braid, are 
important in determining a number of the properties of the device. For example, the 
greater the pick and pitch of the fabric, and hence the greater the density of the wire 

30 strands in the &bric, the stiffer the device will be. Having a greater wire doisity wiU 
also provide the device with a greater wire surface area, which will generally enhance 
the tendency of the device to occlude a blood vessel in which it is deployed. This 
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thrombogenicity can be either enhanced, e.g. by a coating of a thrombolytic agent or 
by attaching silk or wool labric to the device, or abated, e.g. by a coating of a 
lubricious.anti-thiombogeniccon5x«ind. A variety of materials and techniques for 
enhancing or reducing thtombogenicity are weU known in the art and n«^ 

detailed beie. 

When the device is deployed in a iRttient's vessd, thrombi win tmd to 
onthesmfeceofthe winjs. By havmg a gieater wire density, the total surface area of 
the win« wffl be increased, increasing the thrombolytic activity of the device a^ 
permitting it to relatively rapidly occlude the vessel in which it is deployed. Itis 

believed that foimhig the occasion device 60 from a 4 mm diameter tabular braid 
having a pick of at least about 40 and a pitch of at least about 30- will provide 

suffkaent surface area to substantiaUy completely occlude a bl^ 
about 4 mm in inner diameter ma suitable period of time. If it is desired to increase 
the rate at which the device 60 occludes the vessel in which it is dq»loyed, any of a 
wide variety of known thrombolytK agents can be applied to the devwe. 

Figures 6A-6C iUustiate an alternative embodiment of a medical devk» in 
accordance with the present invention. Tliis device 80 has a generally bell-shaped 
body 82 and an outwardly extending forward end 84. One qipHcation for whk* this 
device is particularly weU suited is occtoding defects known in the art as patent ductus 

arteriosus (PDA). PDA is essentiaUy a condition wherein two blood vessels, most 
commonly the aorta and puhnonaiy arteiy adjacem the heart, have a shunt betw^ 
thar lumens. Blood can flow directly between these two blood vessds through the 
shunt, conqiromising the normal flow of blood ttaough the patient's vessels. 

As explained more fliDy below in connection with Figure 8, the beU-shq»ed 
body 82 is adapted to be deployed within the shum between the vessels, while the 
forwarti end 84 is adapted to be positioned within one of the two vessels to help seal 
the body in the shunt, m sizes of the body 82 and the end 84 can be varied as 
desired for differently sized shunts. For example, the body may have a diameter along 
hs genetaUy cylmdrical middle 86 of about 10 mm and a length along its axis of about 
25 mm. In such a device, the base 88 of the body may flare generally radially 
outward until it reaches an outer diameter equal to that of the forward end 84, which 
may be on the order of about 20 mm in diameter. 
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The base 88 desirably flares out relatively rapidly to define a shoulder tapering 
radially outwardly froni the middle 86 of the body. When the device is dqsloyed in a 
vessel, this shoulder will abut the hmcn of one of the vessels being treated. The 
forward end 84 is xetained within the vessel and tuges the base 88 of the body open to 
S ensure that the shoulder engages the wall of the vessel to prevent the device 80 from 
becoming dislodged from within (he shunt. 

As dialled above, in making a device of the invention it is desirable to attadi 
the ends of the wire strands forming the metal &bric 10 to one another to prevent the 
fabric from unraveling. In the illustrations of Figures 6A-6C, a clamp IS is used to tie 

10 together the ends of the wire strands adjacent the front eod 84 of the device. It is to 

be understood that this clamp IS is simply a schematic illustration, though, and that the 
ends could be attadied in otfa^ ways, sudi as by welding, soldering, brazing, use of a 
biocompatible ceme nt it i ous material or in any other aiitable fashion. 

The rearward ends of the wire strands are shown as being attached to one 

IS anodier by an attemative damping means 90. This clamp 90 serves the same purpose 
as the schematically ilhistrated clamp IS, namely to interconnect the ends of the wires. 
However the clamp 90 also serves to connea the device 80 to a delivery system (not 
shown). In the embodiment shown, the clamp 90 is generally cylindrical in ste^ and 
has a recess for receiving the mds of the wires to substantially prevent the wires from 

20 moving relative to one anc^her, and a threaded outer surface. The threaded wter 

suiiace is adqjted to be recd^ within a cylindrical recess (not shown) on a distal end 
of a delivery device and to engage the threaded inner suifece of the delivery device*s 
recess. 

The delivery device (not shown) can take any suitable shape, but desirably 
25 comprises an elongate, flexible metal shaft having such a recess at its distal end. The 
delivexy device can be used to urge the FDA occlusion device 80 through the hnnen of 
a catheter for deployment in a channel of the patient's body, as outlined below. When 
the device is deployed out the distal end of the cathet^, the device wiU still be r^ained 
by the delivery device. Once the proper position of the device 80 in the shum is 
30 confiimed, the shaft of the delivery device can be rotated about its axis to unscrew the 
clamp 90 from the recess in the delivery means. 



W096A)1591 PCT/US95m8613 

-20- 

By keeping the PDA device 80 attached to the delivery means, the operator 
could ^ retract the device for rq)Ositioning if it is determined that the device is not 
properly positioned in the first attempt. This threaded attachment will also allow the 
operator to control the manner in whidi the device 80 is deployed out of the distal end 

5 of the catheter. As esqjlained bdow, whm the device exits the catheter it will tend to 
resiliently return to a preferred expanded shape which is set when the fabric is heat 
treated. Wh^ tiie device springs back imo this shape, it niay tend to act against the 
distal end of the catheter, effectively mgiiig itself forward beyond the end of the 
catheter. This spring action could conceivably result in improper positioning of the 

10 device if the location of the device within a channel is critical, such as where it is 
bemg posWoned in a shunt betwera two vessels. Since the threaded clamp 90 can 
raable the operator to maintain a hold on the device during dqiloyment, the spring 
action of the device can be controlled and the operator can control the deployment to 
ensure proper positioning. 

15 A FDA ocdusion device 80 of this embodnnent of die invention can 

advaittageottsly be made in accordance with the method outlined above, namely 
deforming a metal fabric to generally conform to a molding surface of a molding 
element and heat treating the fabric to stbstantially set the fabnc m its deformed state. 
Figure 7 shows a moldmg elemrat 100 which may be suitable for forming a PDA 

20 occlusion device 80 such as that shown in Figures 6A-6C. 

The molding dement 100 generally comprises a body poition 110 and an end 
plate 120. The body portion 110 is adsptsd to receive and form the body 82 of the 
device 80 while the end plate is adq>ted to conqness against the metal febric to form 
the forward end 84. The body portion 110 includes an elongate, generaHy tubular 

25 central s^ent 112 which is sized to receive the elongate body 82 of the device. The 
central segm^ 112 of the molding elemrat 100 optimally has an internal diameter 
slightly less than the natural, relaxed outer diameter of the tubular braid of which the 
device is formed. This compression of the braid will help yidd devices with 
iqjrodudbly sized bodies 82. The forward end of the body portion 110 includes a 

30 back plate 114 which has a generally annular sidewall 1 16 depeading downwardly 
therefrom. The sidewall defines a recess 118 whidi is generally circular in sh^. 
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The end plate 120 of the molding element 100 has a geneially disc-sh£^ face 
122, which desixably has a cianq) poit 124 approximately centered therein for 
receiving a clamp IS attadied to the metal fabric, as noted above. The end plate also 
has an annular sidewall 126 whidi extrads generally upwardly from Ae £ace 122 to 
S define a g^ieraUy cylindrical recess 128 in the rad plate 120. The sidewall 116 of the 
body portion 110 is sized to be received within the recess 128 of the end plate. 

In use, the metal fabric is placed in the molding element and the body portion 
110 and the end plate 120 axe brought toward one another. The inner face of the back 
plate 1 14 wiU mgage the fabric and tend to urge it under compression generally 

10 radially outwardly. The fabric will then be enclosed generally wrdnn the recess 118 of 
the body portion and will generally conform to the iimer surface of that recess. If one 
prevents the entire clanq> IS fiom passing through the clamp port 124, the fabric will 
be spaced sligfatly away fiom the irmer surface of the face 122, yielding a slight dome 
sh^ in the forward md 84 of the device, as illustrated in Figures 6. Although the 

IS illustrated embodiment includes such a dome-sh2q)ed forward rad, it is to be 

understood that the forward end may be substantially flat (except for the damp IS), 
which can be accomplished by allowing the clamp to be recdved CTtirely within the 
clamp port 124 in the end plate. 

Once the fabric is compressed in the molding element 100 so that it generally 

20 conftmns to the molding surfece of the molding elonem, the ftbric can be subjected to 
a beat treatment such as is outlined above. When the moldmg elem^ is opened again 
by moving the body portion 110 and the end plate 120 away fiom one another again, 
the fabric will generally retain its d^ormed, compressed oonfiguratiotL Tlie device 
can then be collapsed, such as by urgirig the clamps IS, 90 generally axially away 

2S from one another, whidi wiU tend to coll2q)se the device toward its axis. The 

coll^sed device 80 can then be passed through a cath^er for dq)loyment in a charmd 
in a patient's vascular system. 

Figure 8 schematically illustrates how a medical device 80 genially as outlined 
above can be used to occlude a patent ductus arteriosus. In this case, ther& is a shunt, 

30 referred to as a PDA above, which extends between a patient's aorta A and the 
pulmonary artery P. The device 80 can be passed through the PDA, such as by 
keepmg the device coll^sed within a catheter (not shown), and the forward end 84 of 
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the device can be aUowed to elastically expand to substantiaUy recover its tiiennally 
set, "remembered" shape from the heat treatment process, such as by uiging the device 
distaUy to extend beyond the distal end of the catheter Tliis foiward end 84 should be 

laiger than the himen of the shunt of the FDA. 

TTie device can then be retracted so that the forward end 84 engages the wall of 

the pulmonary aiteiy P. If one continues to retract the catheter, the engagemert of the 
device with the wall of the puhnonaiy artery wlU tend to naturally pull the body 
portion 82 of the device from the catheter, which will permit the body portion to 
return to its ejqjanded configuration. The body portion should be sized, so that it will 
fnctionally engage the lumen of the PDA's shunt The device 80 will then be held in 
place by the combination of the friction between the body portion and the lumen of the 
shunt and the engagement between the wall of the puhnonaiy artery and the forwani 
end 84 of the device. Over a ndalively short period of time, thnmibi will fonn in and 
on the device 80 and the thrombi will occlude the PDA. If so desired, the device may 
be coated wifli a suitable thrombolytic agent to speed vp fbe occhision of the PDA. 

Figures 9A and 9B are a ade view and an end view, respectively, of yet 
another embodiment of the presert invention. This device 180 can be used for a 
variety of applications in a patient's blood vessels. For example, if a febric having a 
relatively high pick (i.e. where the wire deOsi^ is feiiiy grsat) is used in making the 
device, the device can be used to occlude Wood vessels. In other appBcalions, it may 
serve as a fiherwilfain a channd of a patient's body, either in a blood vessel or in 
another channel, such as in a urinary traa or biliary dua. In order to further enhance 

or reduce the device's taOeacy to ocdude the vessel, depotdmg on the qiplicalion of 
the device a suitable known thrombogenic or antithnmbogenic coatmg naay be sqiplied 

to the device. 

This filler 180 has a generally conical configuration, tapenag generally radially 
outwanUy from its rearward end 182 to its forwani end 184. A length of the device 

adjacent its forwani end is adapted to engage the walls of a lumen of a chamwl. The 
maxhnum diameter of the filler device 180 is therefore at least as large as the inner 

diameter of the channel in which it is to be positioned so that at least the forwani end 
win engage the wall of the vessel to substantially lock the device m place. 
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Having a series of unsecured ends 185 of the wire strands adjacent the forward 
wd of the device wiU assist in seating the device in the channel because the ends of 
the wires will tend to dig into the vessel wall slightly as the forward end of the device 
urges itself toward its fully expanded configuration within flie vessel. The combination 

5 of the friction between the outwardly urging forward end of the device and the 

tendCTcy of the wire aids to dig into the vessel walls will help ensure that the device 
remains in place where it is dq>loyed rather than floating freely withm a vessel to 
reach an undesixed location. 

The method in which the device 180 of the invention is deployed may vary 

10 df fCT idi«g on the nature of the phy^ological condition to be treated. For exanq>le, in 
treating an arterio-vraous fistula, the device may be cardiilly positioned, as described 
above, to occhide the flow of blood at a fsurly spcdTic location. In treating other 
conditions (e.g. an arterio-venous malformation), however, if may be desired to simply 
release a rmmber of these devices iq^stream of the malformation in a vessel having a 

IS larger lumen and anq>ly allow the devices to drift from die treatment ate to lodge in 
smallCT vessels downstream. 

Hie decision as to wh^her the device 180 should be precisely positioned at an 
exact location within the channel in a patient's body or whether it is more desirable to 
allow the device(s) to float to their final lodging site wiU depend on the size of the 

20 chfrnnftiR involved and the specific condition to be treated. This decision should be left 
to the individual operator to be made on a case-by-case basis as his or h^ experience 
dioates; there is no one right or wrong way to dq>loy the device 180 without regard to 
the conditions at hand. 

In the embodimeot shown in Figures 9A and 9B, the wall of the device extends 

25 g^ieraUy lirieariy fnmi a position adjacent the clainp 90 aiui the other CT^ 

device, ap p ioxim ating a conical shape. Due to die presoice of the clamp 90, though, 
the end of the device immediately acgaceot the damp may deviate slightly from the 
cone sh^, as indicatpH in the drawings. Ahematively, the wall may be curved so 
that the diam^r of the device changes more rapidly adjacent the rearward end dian it 

30 does adjacent its forward end, having an ^ipearance more like a rotation of a parabola 
about its major axis than a true cone. Either of these embodiments should suffice in 
occluding a vessel with the device 180, such as to occlude a vessel. 
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The Olds of the wire strands at the rearward cod 182 of the device are secured 
with respect to one another, such as by means of a threaded clamp 90 such as that 
d^cribed above in connection with Figures 6A-6C. Portions of the wire strands 
adjacent the forward end 184 may also be secured against relative movement, such as 
by spat welding wires to one another where they cross adjacent the forward end. Such 
a spot weld is schematically illustrated at 186 in Figures 9A and 9B. 

In the embodiment illustntted in Figures 9, though, the ends of the wire strands 
adjacent the forward aid 1 84 an the finished device need not be affixed to one another 
in any fashion. These stnmds are held in a fixed position during the forming process 
to prevent the metal fabric from unraveling before it is made into a finished device. 
While the aids of the wire strands adjacent the forward end remain fixed relative to 
oneanother, they can be heat treated, as oudmed above. The heat treatment will tend 
to fix tixe shsq)es of the wires m their drformed configuration wherein the device 
genoaliy conforms to a molding surface of the moldmg element. When the device is 
removed from contact with the moldmg element, die wires wiU retam their shape and 
tend to remain mtertwmed. Accordmgly, whoi the <tevice is released from contact 
widi the molding danent, even if the ends of the wires are released from any 
constraint the device should stiU substantially retam its sh^. 

Figures40ArlOC illustrate timee suitable molds for use in forming the filter 180 
of Figures 9A and 9B. In Figure lOA, the moldmg elemoit 200 is a single piece 
which d^nes a pair of generally conical portions abutting one another. In another 
amilar embodiment (not shown), the moldmg element 200 may be generally ovoid, 
^tsapei not unlike an American football or a rugby ball. In tiie embodiment illustrated 
m Figure lOA, though, the molding element is a littte bit less rounded. This molding 
element conqirises two conical segments 202 which abut one another at their bases, 
defining a larger diameter at the middle 204 of tiie element which can taper relatively 
uniformly toward tiie ends 206 of the element 200. 

When the a tubular braid is used in forming tiiis device, the tubular metal fabric 
may be a|9>Iied to the molding danent by placing the molding element within the 
tubular braid and clamping the ends of the braid about the molding element before 
cutting the braid to the desired length. In order to better facilitate the attachmoit of 
the clamps 90 to the ends of the tubular braid, the ends 206 of the molding element 
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may be rounded, as shown, rather than tBpexing to a sharper point at the ends of the 
moldmg element. In order to ensure that the braid more closely conforms to the outer 
surface of the molding dement 200, i*e. the molding element's molding surface, the 
natural, relaxed diameter of the braid should be less tban the maxmifim diameter of the 
5 element, whidi occurs at its middle 204. This will place the metal fabric in tension 
about the middle of the element and, in combination with the clamps at the ends of the 
braid, cause the braid to generally conform to the molding surface. 

Rgure IQB illustrates an ahemadve molding element 210 for forming a device 
substantially as shown in Figures 9A and 9B. Whereas the molding element 200 is 

10 int^^tfrf to be received withm a recess in the metal fabric, sudi as within the lum^ of 
a length of tubular braid, die molding element 210 has an internal cavity 212 ad^qited 
to receive the fabric. In this embodiment, the molding element may comprise a pair of 
molding sections 214, 216 and these mold sections may be substantially idratical in 
sh^. Each of the molding sections 214, 216 genially comprise a conical iimer 

IS surface 220 defined by a wall 222. Eadi section also may be provided with a 

genially cylindrical axial recess 224 for receiving a clamp IS (or 90) carried by an 
end of the metal fabric. 

The two molding sections should be readily attached to one another with the 
larger, open ends 226 of the sections abutting one another. The mold sections can 

20 simply be clanq)6d together, such as by providing a reusable jig (not shown) which can 
be used to property posidon the secdons 214, 216 wiih respect to one another. If so 
d^ired, bolt boles 228 or the like may be provided to allow a nut and bolt, or any 
similar attachmrat syst^, to be passed through the holes and attach the sections 214, 
216 tog^her. 

2S In use, a suitably sized piece of a metal fabric, optimally a length of a tubular 

braid, is placed in the recess 212 of the molding elraaent and the two molding sections 
214, 216 are urged toward one another. The fabric should have a relaxed axial length 
longer than the axial length of the recess 212 so tiiat bririging the sections toward one 
anodic will axially compress the fabric. Hiis axial compression will tend to urge the 

30 wire strands of die braid radiaUy outwardly away from the axis of the braid and 

toward engagement with the molding surface of the element 210, which is defined by 
the surface of the recess 212. 
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Once the metal fabric is deformed to gaaraaUy confonm to the moldmg surface 
of either molding eteneot 200 or 210, the fabric can be heat treated to substantiaUy set 
the shape of the fabric in its deformed slate. If molding element 200 is used, it can 
then be removed from the interior of the metal fthric. If there is suffident room 
between the resilient wire strands, the molding elemrat can shnply be removed by 
openmg the wd) of wire strands and puffing the molding elemem out of the interior of 
the metal fiibric. If moldmg element 210 is employed, the two molding sections 214, 
21 6 can be moved away from one another and the molded fabric can be retrieved from 
the recess 212. Depending on the shqie of the moldmg surface, Ae resulting formed 
shape may lesemWe either a pair of abutting hoUow cones or, as noted above, a 
football, with clamps, welds or the like provided at dthw end of the sh^. 

Ihis sh^ can then be cut into two halves by cutting flie wires in a direction 
generaHy perpendicular to the shared axis of the cones (or the major axis of the ovoid 
shqie) at a location about midway along its Iraigth. This wiU produce two sqarate 
fiher devices 180 substantially as ilhistiated in Figures 9A and 9B. If Ae wires 
strands are to be jmned adjacent flie forward aid of the device (sudi as by tiie 
weldments shown as 1 86 in Figures 9A and 9B), this can be done before the conical or 
ovoid shajje is severed into two halves. Much die same net sh^ could be 
accomplished by aitting tiie metal fabric into halves while it is still carried about 

moldmg dement 200. Hie separate halves having the deaied sh^ could flien be 
puUBd a?>ajt from one anoflier, leaving die molding datnent ready for forming 

additional devices. 

In an ahemative anbodiment of this mefliod, the molding element 200 is 
formed of a matorial sdected to pramit die moldmg demeait to be destroyed for 
removal from tiie imraior of tiie metal fabric. For example, tiie moldfag dement may 
be formed of a brittte or friable material, such as glass. Once tiie material has been 
heat treated in contact witii tiie molding surfece of tiie moldmg dement, tiie moldmg 
elemrat can be brokai into smaUer piecK wWdi can be readUy removed from witidn 
tie metal fabric. If tiiis material is glass, for example, the moldmg elemrait and tiie 
metal fabric can be struck against a hard surface, causing tiie glass to shatter. The 
glass shards can then be removed from tiie enclosure of tiie mdal fabric. TTie resultant 
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shape can be used in its generally conical sh^, or it can be cut into two separate 
halves to produce a device substantially as shown in Figures 9A and 9B. 

Alternatively, the molding dem^ 200 can be formed of a matecial which can 
be chemicaUy dissolved, or otherwise brok^ down, by a chemical agent which will 
S not substantially adversely affect the properties of die metal wire strands. For 

exanq)le, the molding draient can be formed of a temperature-iesistant plastic lesin 
which is cqaable of being dissolved with a suitable organic solvent. Hie fabric and the 
molding element can be subjected to a heat treatment to substantially set the shape of 
the fabhc in conformance with the surface of the molding element, whereupon the 

10 molding element and the xnetal fabric can be immersed in the solvrat. Once the 

molding elemrat is substantially dissolved, the metal fabric can be removed and dther 
used in its current shape or cut into sq>arate halves, as outlined above. 

Care should be taken to ensure that the material selected to form the molding 
elemrat is capatAc of withstanding the heat treatment without losing its shape, at least 

15 until the shqie of the &bric has been set. For example, the molding elemwt could be 
formed of a material having a metting point above the tanperature necessary to set the 
shape of the wire strands, but below the melting point of the metal forming the 
strands. The molding element and metal &bric can thra be heat treated to set the 
shape of the metal fabric, whereupon the temperature can be increased to substantially 

20 compl^dy melt the molding dement, thereby ranoving the molding dement from 
within die metal fabric. 

It should be understood that the methods outlined immediately above for 
removing the metal fabric 10 from the molding element 200 can be used in connection 
with other shapes, as well. Althou^ these methods may not be necessary or desirable 

25 if the molding dement is carried about the exterior of Ae m^ fiabric (such as are 
elements 30-40 of the molding dement 20 of Figures 2-4), if the molding dement or 
some portion thereof is radosed within the formed metal fabric (such as the internal 
molding section of the molding element 20), these methods can be used to efiectrvdy 
remove the molding demmt without adv^^ly affecting the medical device being 

30 formed. 

Figure IOC illustrates yet another molding element 230 which can be used in 
forming a medical device such as that illustrated in Figures 9A and 9B. This molding 
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element comprises an outer molding section 232 defining a tapered inner surface 234 
and an inner molding section 236 having an outer surface 238 substantially the same 
shape as the t^)cred inner surface 234 of the outer molding sec^ Theinner 
molding section 236 should be sized to be received within the outer molding section, 
with a piece of the metal fabric (not shown) bemg disposed between the inner and 
outer molding sections. The moldmg surface of this moldmg ctenOTt 230, to which 
the fabric will generally conform, can be considered to include both the inner surface 
234 of the outer moldmg section and ibt outer surface 238 of the inner molding 
section. 

This molding elemait 230 can be used with a metal fabric which is in the form 
of a tubular braid. If such a fabric is used and a clamp 15 (not shown in this drawing) 
or flie like is provided to connect the ends of the wire strands adjacent one aid of the 
device, a recess (not shown) analogous to the cavity 46 in the face of the compression 
disk 44 of moldne element 20 (Figures 2-4) can be provided for receiving the clamp . 

However, tfie present molding clemcal 230 can be used quite readily with a flat 
woven piece of metal fabric, such as is illustrated in Figure IB. In usmg such a 
fabric, a suitably sized and shqjed jnece of fabric is cut; in usmg the moldmg draient 
230 to produce a device 180 analogous to that shown in Figures 9A and 9B, for 
example, a graerally disk-shaped piece of the metal fabric 10' can be used. The metal 
fabric is then placed between the two sections 232, 236 of the molding dement and the 
sections are moved togeflier to deform the fabric therebetween. After heat treatment, 
the fabric can be removed and will retain substantially the same siiape as it had when it 
was deformed between the two molding sections. 

As can be scea by the discussion of the various moldmg elements 200, 210 and 
230 in Figures lOA-lOC, it should be clear that a number of different molding 
elanents may achieve essentxaliy the same desired shape. These moldirig elements 
may be recdved entirely withm a dosed segment of fabric and rdy on tension and/or 
compression (rf the fabric to cause it to generally confonn to the molding surface of 
the molding demait, as with the element 200 of Figure lOA. The molding dement 
210 of Figure lOB substantially aldoses the fabric within a recess in the mold and 
relies on compression of the fabric (in this case axial compression of a tubular braid) 
to deform the fabric to the desired configuration. Finally, the fabric may be 
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conqiiessed between two coacting parts of the molding elraient to defonn the fabric, 
such as between the two sections 232, 236 of molding element 230 in Figure IOC. 
Any one or more of these techniques may be used in achieving a finished product 
having a desired shsqie. 
S Figures 11 and 12 illustrate alternative embodiments of another medical 

device in accordance with this invention. Both Figure 11 and Figure 12 iUustrate a 
vascular tr^ suitable for use in t^nporarily filtmog embolic particles £tom blood 
passing tfarougih a patient's vascular syston. Such a device will most frequently be 
used to filter emboli from a patient's blood when anoth^ medical procedure is being 

10 pefformed, sach as by using the trap in conjunction with a rotating cutting blade 
during an athraectomy or with a balloon cath^er during angioplasty. It is to be 
understood, though, that the txap could also be used in other similar applications, such 
as in channels in patients' bodies other than their vascular systems. 

In the embodiment of figures llA and 1 IB, the vascular tidp 250 coniprises a 

IS generally umbrella-shq>ed basket 270 carried adjacent a distal end of a guidewire 260. 
Ibe guidewire in this embodiment includes a tq)ered distal section 262 with a spirally 
wound con 264 ext^^ling along a distal length of the wire. Guidewires having such a 
distal end are conventional in the art. The basket 270 is positioned generally distally 
of the coil 264, and is desirably attadied to the guidewire pnndmaUy of the proximal 

20 end of the tq»ed section, as shown. 

The basket 270 (shown in its colla|»ed configuration in Figure llA) includes a 
distal band 272 and a proximal band 274. The distal band may be made of a 
radiopaque material, such as gold, platinum or tungstm, and is affixed directly to tfie 
shaft of the guidewire 260. This attadunent may be made by any suitable means, such 

25 as by welding, brazing or soldning. Alternatively, the distal band 272 may conqirise 
a bead of a bioconqiatible cementitious material, such as a curable oiganic resin. If it 
is desired to increase the visibility of the hand for fluoroscopic observation, a 
radiopaque metal or the like can be imbedded in the cemmtidous material. Hie 
proximal band 274 may be formed of a hypotube sised to permit the tube to slide along 

30 the guidewire during deployment. This hypotube may be made of a metallic material; 
a thin-walled tube of a NiH alloy should suffice. If so desired, the proximal band 
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may be fanned of a more radiojMque metal, or a NiTi aUoy band can have a 

radiopaque coating syjpiied to its suiface, 

Tliebody of the device is fonned of a metal fabric, as wq)lained above. The 

metal fa)ric of this embodiment is (qrtimaUy h^ 

ends of the wires fbnning the braid can be attached together by means of the hands 
272, 274 before the fabric is cut to length. Much like tfie clanq>s 15, 90 noted above, 
these bands 272, 274 wfll bsip prevent the metal fabric from unravelling daring the 
fonningpiooess. flTie method of forming the basket 270 is described below m 

connection with Figure 16.) 

When the device is in its colbpsed state for dq)loyment in a patient's vessel (as 
illustrated in Figure llA), the basket 270 wfll be collapsed toward the axis of the 
guidewire 260. The distal 272 and praxhnal 274 bands are spaced away fiom one 
another along the length of the guidewire, with the fabric of the device extending 
thercbetweai. in a prcfeired mbodinient, when the badcet is in its ool^ 
win engage the oaxer surface of the guidewire to pennit the device to be deployed 
tfazough a lelativcly small lumen of a cath^ or anoAer medical device. 

When the device is deployed in apatirait's vascular Systran, the basket will tate 
on an ejqwnded configuration wherran it extends outwardly of the outer surface of the 
guidewire. As best seen in Figure 1 IB, the sh^ of die basket 270 when deployed 
may generally resemble a conventional umbrella or paradiute, having a dome-like 
structure curving radiafly outwanfly from tiie guidewire moving proximally from the 
distal band 272. It is to be understood ttiat other suitable sh^ could easUy perform 
the deared filtering function, such as a conical shape wherrin the slope of the device 
changes more lineariy than the smooth, rounded version shown in Figure IIB, It is 
also believed that a relatively flat, disc shape would also suffice. In this esqianded 
configuration, the two bands 272 , 274 are closer together, with the distal band 272 
opthnally bemg spaced only a short distance from the proximal band 274, as 
illustrated. 

In moving from its collapsed state (Figure 11 A) to its expanded state ^ 
IIB), the metal fabric turns in on itself, with a proximal portion 282 of the coll^sed 
basket being received within the interior of a distal portion 284 of the coU^sed badcet. 
This produces a two-layered stracturc having a proximal lip 286 spaced radially 
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outwanily of the guidewire, defining a proximaUy-facing ciq>-sh2q)ed cavity 288 of the 
basket. When blood (or any other fluid) flows through the basket in a distal direction, 
any particulate matter in the blood, e.g. emboli released into the bloodstream during 
atherectomy or angic^lasty procedures, will tend to be tnqiped in the cavity 288 of the 
5 basket. 

The precise dimoisions of the metal fabric can be varied as desired for various 
sqyplications. If the device 250 is to be used as a vascular filter to txap emboli released 
into the blood, for example, the pores ^ openings between the crossing metal 
strands) of the fiabiic are desirably on the order of about 1.0 mm. This is goerally 

10 denned to be the minimum size of any particles wMdi are likely to cause any adverse 
side effects if they are allowed to float freely within a blood vessel. One would not 
want to make the pores too small, though, because the blood (or other fluid) should be 
free to pass through the waU of the basket 270. If so desired, the basket may be 
coated with a suitable anti-thrombpgenic coating to prevent the basket from occluding a 

IS blood vessel in which it is dq>loyed. 

When a £abric having 1.0 mm pores is used to foim the bask^ 270 of this 
embodiment of the invention, the forming process will reorient the wires relative to 
one anothCT and in some areas (e.g. adjacent the proximal hp 286) the pores will be 
laiger than 1.0 mm. However, because the basket's walls are formed of essentially 

20 two tfaidmesses 282, 284 of the fabric, the effective pore size of the device may be 
significantly reduced even at these locations. 

The device 250 may also be provided with tethers 290 for cpll^sing the bask^ 
270 during retraction. The liasket may include four indqiendent tether wires, each of 
which extoids proximally horn the proximal Hp 286 of the deployed basket. In a 

25 prefored embodiment, though, the four tether wires illustrated in the drawings are 
actually fonned of two longer wires, with each wire extending per^herally ^xmt a 
portion of the proximal lip of the basket. These tether wires may be int^twined with 
the wires of the metal fabric to keep the tethers in place during use. When the tethers 
are r^iacted or drawn down toward the guidewire, the wires extending along ttie 

30 proximal lq> of the basket will t^ to act as drawstrings, drawing the proximal end of 
the basket radially inwardly toward the guidewire. This will tend to close the basket 
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and eotr^ any material caught in the cavity 288 of the basket during use so that the 
basket can be leoacted, as detailed bdow. 

The tethw wires 290 may extend along much of the length of the guidewiie so 
that they wiU extend outside the patient's body during use of flie device 250. Whenit 

5 is deaied to collapse the basket for retrieval, the operator can snnply hold the 

guidewire 260 steady and retract the tethers whh respert to the guidewire. Unscan 

tend to be ndatively cumbersomb, though, and may be too difficult to effectively 
accomplish without breaking the tethers if the device is deployed at a sdec^ 

reached by a tortuous path, such as in the brain. 

10 Accordni^y, in the pirferred embodiment shown in Figures llA and IIB, the 

tedieis 290 are attached to the guidewire 260 at a position spaced proximaUy of the 
basket. The tethers may, for example, be attached to a metal strap 292 or the like and 
this sn^ 292 may be afBxed to the shaft of the guidewire. When it is desired to close 
the proximal aid <rf die basket for retraction, an extanal catheter (not shown) can be 

15 uiged distaUy toward flie baskjBt 270. When the caflieter encounters the radially 

extending tethHS. the diaal end of tiie calhetCT win tend to draw the tethers towani ^ 
guidewire as the catheter is advanced, wMch will, in turn, tend to draw the proximal 
end of die basket closed. 

Hgures 12A and 12B iUudxate an alternative onbodimait of the device shown 

20 in Figures llA and IIB, with Figure 12A showing the device collapsed in a catheter C 
for deploymait and Figure 12B diowing the device in its dqiloyed omfiguEation. In 
the embodiment shown in Figures 12A and 12B, the basket 270 isr formed substantially 
the same as outlined above in connection with Figures llA and IIB. In the 

embodiment of Figures 12, though, the diaal band 272 is affixed to the guidewire 260' 
25 atthedistaltipof the guidewire. The guidewire 260' is of the type refrared to in the 
ait as a "movable core" guidewire. In such guidewires, a core wire 265 is lecraved 
within the lumen of a hdically wound wire coil 266 ar«i the core wire 265 raaends 
distally beyond the distal end of the coil 266. A tiun, elongate safely wire 268 may 
extend along the entire lumen of the coU 266 and the distal end of the safety wire may 

30 be attached to the distal end of the coil to prevent loss of a segmrait of the coil if the 
coil should break. 
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In the embodiment of Figures 11, the proximal ends of the tethers 290 are 
attached to a metal strap 292 which is itself attached the shaft of die guidewiie 260. In 
the present embodiment, the tethers are not attached to the core wixe 26S itself. 
Instead, the teth^ axe attached to the coil 266 of the guidewiie. The tethers may be 
5 attached to the coil by any suitable means, such as by means of laser spot welding, 
soldering or brazing. The tethers 290 may be attached to the coil 266 at virtually an 
spot along the lepgth of the coil. As iUustiated m these drawings, for exanq)le, the 
tenhers may be attached to the coil adjacent the coil's distal cad. However, if so 
desired the tethers may be attached to the coil at a location space more proximally 

10 from the basket 270. 

An external catheter such as that lef^red to in the discussion of Figures llA, 
but not shown in those drawings, is illustrated in Figures 12A and I2B. Once the 
basket 270 is dq)loyed in a patient's vessel to substantially reach the expanded 
configuration shown in Figure 12B and the basket has p^ormed its imended filtration 

IS function, the external catb^ C can be urged distally toward the basket 270. As this 
catheter is urged forward, the t^hers will tend to be drawn into the distal end of the 
catheter, which is substantially narrower than the proximal lip 286 of the basket. This 
will tead to draw the t^hers down toward the guidewiie and he^ close tiie basket, as 
explained above. 

20 Figures 13-15 illustrate yet another alternative CTibodiment of a vascular trap in 

accordance with the presrat invention. This vascular tr^ 300 includes a basket 320 
received over a guidewire 310. In most req>ects, the basket 320 is directly analogous 
to the Insket 270 illustrated in Kgures 11*12. The basket 320 inclucfes a proximal 
band 322 and a distal band 324. As in the CTibodiment of Figures 12A and 12B, the 

25 distal band may be attached to the guidewire adjacent its distal rad. If so desired, 
though, a structure such as is shown in Figures 11, wherein the guidewire extends 
distally beyond the basket, could instead be used. 

As best seal in its ooU^ed state (shown in Figure 12A), the basket mchides a 
distal segment 325 and a proximal segment 326, with the distal end of tfte distal 

30 segment being attached to the distal band 324 and the proximal end of the proximal 
segment being attached to the proximal band 322. When the basket 320 is in it 
expanded configuration (shown in Figure 12B), the proximal segment 326 is received 
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within the distal segment 325, <teftiing a proximal Up 328 at the pxD 

device. The wall of the basket thus fonned also includes a cavity 329 for trapping 

solids entrained in a fluid, such as emboli in a patient's blood stream. 

11» baslaa 320 of Figures 13-15 is also shsq)ed a litfle bit differenUy than 

basket 270 of the previous drawings. The primary diffisrence between fliese two 

baskets is that the basket 320 is a little bit shorter along its axis that K 

This different basket shs9>e is shnply intended to ilhistnte that tte 

trap in aoooidance with the invention can have any of a wide variety of shapes and n^ 

particular significance should be attached to the slightly differem shapes sho^ 
various drawiiigs. 

In the vascular tnqxs 250 and 250' of Figures II and 12, respectively, tethers 
were used to draw down the proximal end of the basket 270 to close the basket for 

retraction. In the embodfanent shown in Figures 13-15, though, the trap 300 includes a 
basket cover 340 positionedproximallyofthe basket 320. The basket cover may also 
be fonned of a metaffic tubular braid and is also adxpfed to be collapsed to lay 
genenDy along the outer surfece of the guidewire 310. The cover 340 is not directly 
affixed to the guidewire at any point, though, but is instead intended to be slidable 
along the guidewire. As best seen in Kgures 13 and 14 wherem the cover is in its 
collapsed state, the cover 340 inchides a distal hypotube 342 and a proxhnal control 
hypotube 344, wth the distal hypombe bang attadied to the distal end of the cover 
340 and the proximal control hypotube 344 bang attached to the proximal end of the 

cover. 

nie cover 340 is shown in its deployed, expanded configuration in Figure 15. 
As shown m that figurc, the cover has a amilar structure to that of the basket 320, but 
is oriented to be open distally rather that proximaUy, as is the basikeL Asbestseenm 
Figures 13 and 14 wherein the cover is in its coUapsed state, the cover has a distal 
segment 352 and a proximal segment 354. When the cover is deployed by urging h 
distally out of the distal end of the deployment catheter C, the cover 340 wiU tend to 
resiHenUy return to its expanded configuration and the distal hypotube 342 wiD sl^ 

axially proximally along the guidewire toward the proximal control hypombe 344. 
This wiU invert the collapsed cover so that the distal section 352 is generally received 
within the proximal section 354, defining a distal lip 358 of tiie cover. 



wo 96^1591 PCTAJS95/08613 

-35- 

The pioximal control hypotube 344 may extend along a substantial portion of 
the length of the catheter 310 so that it extends out of the patient's body when the 
device 300 is in place. By grasping the control hypotube and moving it relative to the 
guidewire 310, an operator can control the position of the cover 340 with respect to 
5 the basket 320, wMdi is affixed to the guidewires. As e3q>lained in more detail below 
in connection with the use of the device 300, once the basket has been (ployed and 
tias been used to filter objects entrained in the fluid (e.g. emboli in blood), the cover 
340 may be dq>loyed and the trq> may be drawn p nx xima Hy toward the caver by 
moving the guidewire proximally with respea to the control hypotube 344. 

10 The inner diameter of the distal Up 358 of the cover is desirably slightly larger 

than the outer diam^er of the proximal Up 328 of the basket. Hence, when the basket 
is drawn proximally toward the cover it will be substantially enclosed therein. The 
cover will therefore tend to trap any emboli (not shown) or other particulate matter 
retained within the cavity 330 of the faasko. A retrieval sheath S may then be urged 

15 distally to engage tfa^ outer sur&ce of the cover 340. This will tend to cause the cover 
to collapse about die basket, tightly oitgaging the outer surfia^ This 
somewhat collq>sed structure can then be withdrawn from the patient's channel and 
r^oved from the patio's body. By enclosmg the basket withm the cover, the 
likelihood of any filtered debris within the basket bdng lost as the hasto is retrieved 

20 will be substantially diminated. 

The guidewire and the metal fabric can be of any diameter suitable for the 
intended sq^Iication of the vascular trap 250, 250' or 300. In a preened embodiment, 
the guidewire is between about 0.014** and about 0.038** in diameter and the wires of 
the metal fabric used to form the basket (and the cover 340, if a cover is included) are 

25 between about 0.002** and about 0.006". Tbe thickness of the metal bands (272, 274 
or 322, 324) also is desirably in the rarige of about O.0Q2"-0.O06". 

In one particularly preferred embodimem intended to be used in narrower 
vessels such as those encountered in cerebral and coronary applications, the guidewire 
has an outer diameter of about 0.014" and the wires of the metal fabric are about 

30 0.(X)2" in diameter. The metal bands in this embodiment may also have a thickness of 
about 0.002" so that they will not be substantially wider than the collapsed testet. 
When the device is colkq>sed for dq)loyment through a catheter, it will have an outer 
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diameter of about 0.018". pennitting the device to be used with catheteis and other 
instnnnents adapted for use with a 0.018" guidewire. 

Figure 16 iUustiales one embodiment of a molding elemeot 370 which may be 
used in making a basket 270. Although the basket 320 and cover 340 of the trap 300 
are shaped somewhat differently, an analogous moldmg element can be used for these 
portions of the trap 300 as weH by sinqdy modifymg some of die dfanensions of the 
Balding element 370, but naainhig the basic shape and stnictnre o^ 
element ft also should be underetood that the molding element 370 is merely one 
poss9)Ie molding element for forming a shape such as that of the basket 270 and that 
any one of a variety of different molding elements win be apparent to those skilled in 
fte art, as noted above in coni»ction with Figures lOA-C. 

Ihc molding element 370 has an outer moldmg section 372 defining a curved 
imier suifece 374 and an inner molding section 376 having an outer surface 378 
substantially the same shape as die curved hmer suifaB» 374 of the outer molding 
section. TTie inner molding section 376 should be sized to be received within die outer 
molding section, with a piece of the metal fabric (not shown) bemg disposed between 
the inner and outer molding sections. In a prefened embodhnent, the inner surface 
374 of die outer moldmg dement and the outer surface 378 of the innw molding 
section each include a recess (375 and 379, respectively) for receiving an end of the 
bfsdd. Hie molding surface of this molding element 370, to which the fabric will 
generaUy conform, can be considered to mchide both die inner surface 374 of the outer 

moldmg section and the outer surface 378 of die inner moldmg section. 

In use, die two molding sections 372, 376 are spaced apsit from one another 
and a lengUi of a tubular braid of metal fabric (not shown in Figure 16) is disclosed 
between tiiBse moldmg sections. Opthnally, one end of die fabric is placed in the 
recess 375 of die outer molding section and die oflier end of die fabric is placed m die 
recess 379 in die mner molding section. Ite mner and outer moldmg sections can 
tiien be urged generally toward one anoflwr. As die ends of die wire ^rproach one 
anodier, die tubular braid wiU tend to invert upon itself and a surface of die tububr 
braid will generally confbnn to eidier die inner surface 374 of die outer mokBng 
section or die outer surface 378 of die inner molding section, arriving at a shiqie 
analogous to diat of die basket 270 of die traps 250, 250'. Hie two moldmg sections 
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can thezn be locked in place with respect to one another and the metal fabric may be 
heat treated to the wires in this deformed configuration. 

The method in accordance with the present invention further includes a method 
of treating a physiological condition of a patient In accordance with diis m^od, a 
5 medical device suitable for treating the condition, which may be substantially in 

accordance with one of the embodimosts outluied above, is selected. For exanqde, if 
a pat^ ductus ait^osus is to be treated, the FDA occlusion device 80 of Figures 6A- 
6C can be selected. Once the ai^mipriate medical device is selected, a catheter may 
be positioned within a channel in patient's body to place the distal end of the catheter 
10 acyacent the desired treatment dte, such as immediately adjacent (or even within) the 
shunt of the FDA. 

Medical devices made in accordance with the method of the invention outlined 
above have a pres^ esqianded configuration and a coll2f>sed oonfiguiation which allows 
the device to be passed thnni^ a catheter. The expanded configuration is generally 

IS defined by the s\sap& of the medical fabric when it is doomed to graierally conform to 
the molding surface of the molding donent Heat treating the metal fabric 
substantially sets the shs^ of the wire strands in the reoriented relative positions 
when the fabric conforms to the molding sui£u:e. When the metal fabric is then 
removed from the moldmg element, the fiEd>ric may define a medical device in its 

20 preset expanded configuration. 

The medical device can be collapsed into its collapsed configuration and 
inserted into the lumen of the catheter. The collapsed configuration of the device may 
be of any shape suitable for easy passage through the lumra of a cath^r and proper 
dq>loyment out the distal end of the catheter. For example, the devices shown m 

25 Kgures S may have a relatively elongated collq)sed configuration wherein the devices 
are stretdied along their axes. This collapsed configuration can be achieved simply by 
stretching the device generally along its axis, e.g. by manually grasping the damps IS 
and pulling them qmt, which will tend to colkqise tiie esqxmded diameter poitions 64 
of the device 60 inwardly toward the device's axis. Hie FDA occlusion device 80 of 

30 Figures 6 also operates in much the same fashion and can be collapsed into its 

collapsed configuration for insertion into the catheter by applying tension graerally 
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along the axis of the device. In this regard, these devices 60 and 80 are not unlike 
"Chinese handcuffs", which tend to constrict in diameter under axial tension. 

Once the medical device is collapsed and inserted into the catheter, it may be 
urged along the hmien of the catheter toward the distal end of the cath^^ This may 
be accomplished by using a guidewire or the like to abut agamst the device and urge it 
along the catheter. When the device begins to exit the distal end of the catheter, which 
ispositionedadjacentthedesired treatment site, it will tend to resiliently return 
siijstantially entiidy to its preset expanded configuratio Superelastic alloys, such as 
nitinol, arc particularly useful in this ^Ucation because of their ability to readily 
return to a particular configuration after bring elastically deformed to a great extent. 
Hrace, simply tuging the medical device out of the distal rad of the cath^ tend to 
piQpcdy deploy the device at the treatment site. 

Although the device will trad to resiliently return to its initial expanded 
configuiation (i.e. its sh^ prior to bring collapsed for passage through the catheter), 
it shouW be understood that it may not always return entirdy to tot ¥ar 
example, die device 60 of Kgure 5 is intended to have a maximum outer diameter in 
its ejqanded configuration at least as large as and preferably larger than, the inner 
diameter of the lumen m which it is to be deployed. If such a device is dq)loy ed in a 
vessel having a y^ail lum^, the lumen will prevent the device from completely 
Kauming to its esqianded configuration. Nonetheless, the device would be propMiy 
deployed because it would engage the inner wall of the lumen to seat the device 

therein, as detailed above. 

ff thedeviceis tobeusedtopermanCTlly occlude a channel in the patient's 
body, such as the devices 60 and 80 described above may be, one can simply retract 
the catheter and remove it from the patient's body. This wiU leave the medical device 
dq)loyed m the patient's vascular Systran so that it may occlude the blood vessel or 
other channel in the patient's body. In some circumstances, the medical device may be 
attached to a delivery system in such a manner as to secure tfie device to the end of flie 
delivery means, such as when tiie tiureaded clamp 90 shown in Figures 6 and 9 are 
attached to a distal end of the delivery means, as e;q)lained above. Before removing 
the catheter in such a system, it may be necessary to detach the medical device from 
the delivery means before removing the catheter and the delivery means. 
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The devices of Figures 11-15 may be d^loyed in much the same fashion 
outlined above. However, these devices 250, 250' and 300 are advantageously 
dq>]oyed for use in conjunction with another medical device and will most frequently 
be r^racted from (he patient's body after use. 
5 For example, any one of th^ devices are suitable for use in conjunction with a 

balloon angioplasty procedure. In sudi procedures, catti^ers having inflatable baUoons 
at their rads, lefened to as balloon catheters, are podtioned within a blood vessd so 
that the balloon is positioned within a stenosis. These balloons are positioned by 
tracking the balloon catfa^er along a guidewire or the like; the baUoons typically have 

10 a central bore therethrough. Once the balloon is properly positioned, it is inflated and 
urges radially outwardly against the stenosis. Diis will tend to squeeze the stenosis 
against the walls of the vessel, improving patncy of the vessel. 

When the stoiosis is treated in this fashion, though, there is a risk that some 
dsbm will break free and rater the blood flowing through the vessel. If Idt 

15 uitchecked, this embolus can drift downstream and embolize a distal poition of the 

vessel. Depeoding on where the embolus comes to rest, the embolization can result in 
significant tissue or organ damage. This risk is particularly acute in cardiac and 
coronary applications because the embolization can result in a myocardial infarction or 
heart attack, and in neurovascular and interventional radicdogical procedures the 

20 embolization can lead to a stroke or damage to brain tissue. 

In ord^ to prevent, or at least substantially limit, such embolization, a vascular 
trap 250, 250' or 300 of the invoition can be used with the balloon catheter. The 
device should be sized to permit it to be passed through the hunen of the particular 
balloon cath^ to be used in the angioplasty. 

25 In one embodimoit of a m^iiod for using such a vascular tr^, the tidp is 

deployed first. The basket (270 or 320) of the trap will be guided to a position located 
downstream of the desired treatment site through an introduction catheter (e.g. tte 
cathmr C m Rgures 12-15). The basket is then urged distally beyond the end of the 
cath^r, which will permit the basket to resiliently substantially return to its ejqjanded 

30 configuration from its coU^sed configuration within the catheter. Once the trap is in 
place, the balloon catheter can be exchanged for the introduction catheter, and the 
balloon catheter can track the guidewire (260 or 310) of the vascular tr^. The 
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balloon can then be positioned within the stenosis and eiqianded, as outlined above. 
Once the angioplasty has been complied, the baUoon can be tteflated again and 
withdrawn proximally out of the patiott 

In an alternative embodiment of the present method, the baUocm catheter can be 

5 used to perform the same function as perfonned by the introduction catheter in the 
pieceding embodhnent. In this embodhnent, the baUoon catheter is positioned m the 
patioit's vessel so that the distal end of the balloon cathetw is located downstream of 
thestenosis. Hie vascular tnq) (250, 250' or 300) of the invention is then passed 
through the hmien of the balloon catheter and the basket is urged out of the distal end 

10 of the catheter. The ba^ will resiliently aibstantially return to its prrferred 
oqnnded configuration, whereiqxm the baHoon catheter cm 
shaft of the (fevice's guidewire until the balloon is propMly positioned within the 

stenosis. 

If so deared, the balloon caflieler can instead be provided with a length of 

15 standard catheter extending distally beyond the distal end of the balloon. Theballoon 
can then be portioned within the stenosis and the basfctt can be urged out of the distal 
Old of the distal extaiaon of the cath«CT. In such an onbodimMit, the length of the 
c&stal extension of the catheter should be sufRdent to propeaiy poation flie basket with 
req)ect to the balloon when the basket exits the distal end of die catheter. This will 

20 elimmate the need to pofoim the sqiarate step of retracting the balloon mto position 
within the straibsis afte- die badset is ployed. The balloon can then be raqanded, 
deflated and withdrawn as desoibed sbave. 

Much die same procedure can be used to deploy a vascular tiq> of the inventicm 
for use in an atherectomy procedure. In such procedures, a cuttimg head is positioned 

25 at the distal end of an elongate, hollow shaft and the cutting head has a bore extraidmg 
ther^mni^. The tr^ can be deployed in other of the methods outlined above, but it 
is anddpated that in most instances the first procedure will be used, i.e. the basto will 
be deptoyed with an introduction catheter, whidi win be removed so tot the cutting 
device can be guided over the gmdewire of the vascular trap. It should also be 

30 understood that the device 250, 250' and 300 could also be used in other medical 
pit>cedures in other bodily channds besides a patient's vascular system. 
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Since the trap is positioned downstream of the stenosis, any debris released 
during the procedure will tend to drift distally toward the basket and be caught therein. 
In order to prev^ any emboli torn sinq)ly floating past the tiapy it is preferred that 
the proximal lip (288 or 328) of the basket be at least as large as the hunen of the 
5 vessel. In a preferred embodiment, the natural dimension of the proximal lip (i.e. 

where the basket has fidly returned to its expanded oonfiguxation) is somewhat greater 
than the vessel's iimer diameter so that the basket will firmly engage the wall of the 
vessel. 

The m^od of retracting the basket will depend on which embodim«t of the 

10 vascular tr^ is used, namely wheth^ or not the device indttdes a cover 340. The 
device 250 or 250' of Figures 11 or 12, re^>ectively, do not include such a cover. 
However, they do include tsstbsrs 290 which extend proxiinally from the proximal tip 
288 of the basket to an attacfammt to the guidewire. In either of these embodiments, a 
retrieval catheter can be introduced over the guidewire and urged distally toward die 

15 basket. As e^qilaiiied above in eomiection with Hgures 11 arid 12, this wiU tend to 
draw tlie tethers down toward the guidewire, dfectivdy closing the proximal end of 
the basket 270. Once the basket is sufiidently closed, such as when the proximal lip 
of the basket engages the distal tq> of the retrieval catheter, the cath^r and the 
vascular trq> can be retracted togedier fnnn the patient's body. By substantially 

20 closii^ the proximal end of the basket in such a fashion, any raiboli which are 

cqstured in the basket when it is deployed can be retained within the basket until it is 
removed from the patient's body. 

If so desired, a balloon catheter or like device can instead be used, with tfie 
balloon cath^r being used to draw down the tethers 290 and collapse the basket. The 

25 vascular trap can then be withdrawn with the balloon catheter rather than having to 
sqarately introduce a removal catheter to remove the trap. 

In withdrawing the embodiment illustrated in Figures 13-15, the cover 340 is 
positioned over the proximal 1^ of the basket tefore the vascular ti^ 300 is retracted. 
Once the medical procedure is completed and any debris has been captured in the 

30 basket, the cov^ 340 is allowed to resiliently substantially return to its expaxudsd 
configuration. Once it is deployed proximally of the basket, the bask^ 320 can be 
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diawn proximaUy towaid the cover 340 until it engages or is received within the 
cover, as noted above in connection with Figure 15. 

In actuality, the cover 340 may be unable to return to its full ejqjanded 
configuiation due to the confines of the vessel in which it is deployed. As explained 
previously, the cover 340 is desirably larger than the basket 320 so that the basilcet can 
be received withm the cover. However, the basket is optinially sized to engage the 
walls of the vessel to prevent the unwanted passage of emboU or other debris around 
the edges of the basket. Accordingly, the dislal lip 358 of the cover will engage the 
wall of the channel before it expands to its fuU size. The walls of most bodily 
channels, such as Wood vessels, tend to be somewhat elastic, though. Hie cover 340 
win therefore tend to urge harder against the wall of the vessel than the smaller basket 
and may stretch the vessel a little bit more than wiD the baskeL In this fashion, the 
cover may stifl be able to ejqiand to a dnnension laige enough to permit the basket to 

be received in the cavity 356 of the cover. If not, the distal lip 358 of the cover can 
simply be brought into close engagement with the proxhnal Bp 328 of the basket to 
generally seal the basket. 

Once tiie cover 340 is brought mto engagement wifli the bastet 320, whether by 
recdving the basket wifllin the cover or, less preferably, by engaging the lips 358, 328 
of the cover and the badaet, the device can be withdrawn pnaamaHy from the patioit's 
vascular qrstcan. The cover will tend to prevent any anboli caught in the basket 
during deployment from being inadvertently lost dming withdrawal. 

Hie vascular ti^s 250, 250' and 300 of the present invention therefore have 
distinct advantages ovCT other vascular trt^K or filters cuinmflylaiown in the art. As 
explained above, most prior ail traps are difficuh and ejqwnsive to form and cannot be 
readily collapsed for retrieval. The present invention, though, provides a method for 
making the vascular traps 250, 250' and 300 which is both relatively inexpensive and 
less labor mtensive, genaaDy resulting in a more consistent product than prior art 
hand-foraimg methods. Furthermore, the strucnire of the device and the mefliods 
omlined above for lanoving tiie device wiD fairly reliably prevent the inadvertent 
dumping of tuqiped emboU back into tiie bloodstream while tiie device is being 
removed. Since most prior art traps and filters are much more difficult to use and are 
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more likely to dump filtered debris back into the bloodstream, the present invention 
can be substantially safer than these prior ait systems. 

While a prefened embodiment of the present invention has been described, it 
should be understood that various dianges, adaptations and modifications may be made 
therein widiout depaitiiig firom the spirit of the invention and the scope of the q>paided 
claims. 
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WHAT IS CLAIMED IS: 

1. A ttap for trapping particulate material entrained in a fluid within a channel 
of a patient's body, coiiqirising a gmdewire having a disto^ 

the guidewiie adjacent said distal end; the basket being ad^rted to 
material ftom fluid passing therethrough and comprising a metal fi*^^ 
second ends, at least one end of the fidmc being adapted to slide along the guW 

the metal Mine luning a collapsed configuntfion wherd^ 
spaced from one another a fiKt distance along the gmdewiie and the metal fito 
first diameter, and an expanded configuration wherein the first and second ends are 
spaced a second, shorter distance along the guidewiie and the nietal fiibric has ^ 
second diameter, the first diameter being less than the second diameter. 

2. A trsq) for trapping particulate material entrained in a fluid within a channel 

of apatient's body, comprising a guidewiie having a distal segment and a metal fidnic, 
the metal fidiric having a first end carried by the distal s^mcnt and a second end 

slidabte along flie guidewire, the inetal fid>ric being disposed «^ 

of the guidewiie when the second end is qaced proximany of flie first end and 

extendmg generaUy outwardly of flw guidewiie when the second end is slid nearer die 

first end to define a partide-tr^»iring screen. 

3. Thetrapof claim 2 wherein the first end is affixed to the guidewiie. 

4. m trap of daim 2 wherein the metal fiteic is lesiHent and the second end 
will resiliently slide toward the first end to define the partide trapping screen when die 

&bric is not constrained. 

5. iltt tnq> of daim 2 wherein a first length of the metal fabric extending 

proximaUy ftom the first end drfines a distal surfeoe of the screen and a second lengto 
of the inetal febric extendmg distaDy from the second end of the febric defines a 

pnndmal surface of the screen. 

6. The tisq> of daim 5 whercm the screen is generally dome-sh^ and the 

second iHigth of the febric is received withm the first length of the fidm 

7. The tr^ of daim 5 whetdn a central portion of die metal febric defines a 
proximally-iadng Bp of toe screen. 

8. The trs?) of daim 2 further comprising a tether extending from said screen 
to the guidewire, the tether being attached at one end to the guidewire. 
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9. The ti^ of daim 8 wherein the screen has a periphery, the tether 
compriang a wire attached at each end to the guidewire and extending about the 
perqdiery of the screen such that when the tether is drawn inwardly toward the 
guidewire it wiU act as a drawstring to colb^se tte periphery of the screen toward the 

S guidewire. 

10. Tlie txdcp of daim 2 fiirdier comprising a cover formed of a metal fabric, 
the cover beirig slidable along the guidewire ftom a first position spaced pDcndmally of 
the screen toward a second position adjacent the screen. 

11. The trsg> of daim 10 wlierein the cover has two ends, the cover bdng 
10 disposed adjacent the outer surface of the guidewire when one end is spaced 

proximally of the odier end and extending generally outwardly of the guidewire to a 
diameter at least as great as an outer diameter of the screen when one end of the cover 
is slid nearer ttie other end. 

12. The trap of daim 10 «^ierdn tihe soeen is gmerally dome-shq)ed and 
IS indudes a proKimaIly-&dng lq>, the cover in an eoqnnded configuration defining a 

recess azed to recdve flte lq> of the screen. 

13. The trap of daim 12 wherein the screen has an outer diameter and the 
cover has an iimer diampifir greater dian the outer diameter of the screen. 

14. A method of trapping particulate material entrained in a fluid within a 
20 diannd of a patient's body, cooapriang: 

a) providing a metal &bric having a collapsed configuration wherein it has a 
first diamet^ and an ejqmnded configuration wherdn it has a seccmd, greater diameter 
and defines a proximally-fiidi^ partide-receiving cavi^ 

b) coilkqmng the metal febric into its coliq)sed ccmfiguration and urging the 
25 metal fabric along said channd to a deployment site; 

c) perndtdng the metal &bric to realiently substantially return to its esqiaxuled 
configuration; 

d) allowing the fluid to flow through the metal fabric to trap a portkm of the 
particulate material in the cavity; 

30 e) at least partially cloang die metal fabric to retain the trqyped particulate 

material is retained within a dosed cavity; and 
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f) retracting the metal filbric along the chamd^wthtte 

retained within the ooll2q>sed cavity. 

15. The m^od of daim 14 wherdn toe metal fabric in its collqwed 
configuiatiim is mged along a catheter positioned vdthin a lime^ 

16. The method of daim 15 wherein the febric is allowed to substantiaUy 
retim to its cjqianded configuration by urging the fidiric beyond 

catheter. 

17. The method of daim 14 wherein the metal fabric is closed by urging a 
cover mto engagement wifli a distal portion of the metal fabric to retain the particulaie 

material wifliin tbe amty. 

18. The method of daim 17 wherdn tfie cover has an expanded configuration, 

further coiiqmsing the stqK of colhqjsing the cover, ^ 

to a position qjaced proximany of the metal fibric, and allowing the cover ^ 

resiliently substantially return to its eiqianded configuration prior to urging the cover 

into engagemmt with the metal fabric. 

19. The method of daim 14 wherein the metal fahrfc is canied by a guidewire 

and at least one tether eaaends fnnn a proximany- tog lip of flie fabric pnwimally to 
the guidewire, wherdn the metal febric is dosed by urging the tether down toward the 

gmdewiie to dJaw the lip of the m^ fabric toward the gmdewiie. 

20. The method of daim 19 vAerdn the tdher is urged toward toe guidewire 
by urging a sheath distally along the gddewire toward the metal fabric, the sheath 
having an lumen smaller than the lip of fte npetal fibric. 
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